There is a growing concern regarding housing supply management because of soaring housing prices consequent to recent market failure in China. This study is aimed at presenting an equilibrium-oriented housing supply management model that integrates housing supply and demand with time lag and reasonable vacancy area. For validity test of the model, Chengdu City was selected as a sample. The study establishes the feasibility of this model by demonstrating that optimized housing supply can narrow the gap between housing supply and demand. The implication of this finding is that planning of housing supply is an important management tool and that in applying this tool, local government should intervene in housing market to ensure scientific consideration of city's development position, economic growth and housing demand.
Managing housing supply has been a matter of increasing concern in the context of soaring housing prices consequent to recent market failure in China. China has undergone a transition from centrally planned economy to market economy. Market mechanisms play a fundamental role in housing allocation and the transition gave China's housing market an unprecedented prosperity. For instance, the statistics of National Bureau of Statistics of China (NBSC) show that the housing sector's share in GDP increased annually by 5.6%, 5.7%, 5.8%, 6.0% and 6.6% over the period [2005] [2006] [2007] [2008] [2009] (National Bureau of Statistics of China 2011). However, market mechanism is not always effective in housing supply, owing to market failure, which leads to imbalance between housing supply and demand and consequent increase in housing price. During the period [2004] [2005] [2006] [2007] , average housing prices in China increased sharply from 2608 RMB/m 2 to 4459 RMB/m 2 , with a nominal rate of 17.1% per year or 13.2% in real terms (NBSC 2011) . The growth rate of housing prices exceeds that of urban residents' disposable income and GDP. This not only poses a high risk to China's economic development but also creates some serious social problems, such as urban sprawl, environmental degradation and wealth gaps. Market failure requires the governments to intervene in the housing market by supply management to bring housing supply and demand into equilibrium.
So, this study focuses on finding a housing supply management model and testing its feasibility. The contents of this paper are organized as follows: The next
Literature Review
Interest in housing supply has been growing ever since China opened up its housing sector and adopted the policy of reform that transformed the housing sector from a government-controlled sector to a market-determined one. Earlier studies concentrated mostly on qualitative analysis of the factors that affect housing supply, including economic growth, property tax, land use planning or urban planning, elasticity of housing supply or demand and housing affordability. For example, On-Kwok Lai (1998) believes it is rapid economic growth that triggers the demand for more housing construction. Shunfeng Song, George S. F. Chu, and Rongqing Cao (1999) hold that property tax may affect welfare distribution and correct structural imbalance in housing supply. While Hung-Gay Fung et al. (2006) and Hong Zhang (2008) altogether with Allen Goodman (2002) , Kate Barker (2008) and Michael Ball (2011) argue that land supply or land use planning, which determines the quota, plot ratio and story height, has a significant influence on housing supply. Additionally, Jun Wei, Steve N. Robinson, and Michael Y. Zou (2009) conclude that Property Law of China helps to stimulate the housing supply because it can reduce the risks in property rights. Geoffrey Carliner (1973) , based on his estimate of the long run income elasticity of housing demand, concluded that permanent income elasticity is less biased than annual income. Albert Saiz (2008) and Joseph Gyourko (2009) hold that elasticity of housing supply could be well-characterized as functions of physical and regulatory constraints, which in turn are endogenous to prices and past growth. Stephen Mak, Lennon Choy, and Winky Ho (2012) observe that affordability could restrict the marginalized groups from accessing housing market, but Alain Bertaud (2009) argues that the point of contention is not current affordability of housing, but acceptable standard in the society.
Later studies concentrate mainly on how the above-mentioned factors affect housing supply by utilizing quantitative tools. For instance, Songtao Wang, Suhan Chan, and Bohua Xu (2010) propose a stock-adjustment model for estimating the elasticity of housing supply in the range of 1.21 to 2.42. Hongyan Du, Yongkai Ma, and Yunbi An (2011) utilize cointegration analysis and Granger causality test to ascertain the impact of land policy on housing supply. They conclude that land policy may have a short term impact on housing supply, but not a long term one. Jing Wu, Gyourko, and Yongheng Deng (2012) introduce a price index model to calculate how the price change affects housing supply. They find that even a moderate decline in expected appreciation may lead to price decline of over 40%, which can greatly affect the developers' investment expectations.
Objectively, housing supply studies have never been more conspicuous than what they are now, but almost all of them fall into the following categories: (i) identifying the economic, social or geographical factors that affect housing supply and how their impact can be analyzed or measured; (ii) studying housing supply from PANOECONOMICUS, 2013, 4, pp. 557-568 nation-wide or metropolitan perspective; (iii) establishing econometric models to explore quantitative correlation between one or more independent variables and one dependent variable. Previous workers laid a good foundation for studying housing supply management but neglected some key points: (a) most of them concentrated on either housing supply or demand, instead of focusing on both; (b) housing market characteristics, such as locational fixity, durability, and time lag in housing supply, as also their role in housing demand and supply were not studied in their entirety; (c) dynamic economics model serves better than some static econometric models in optimizing housing supply, because it requires fewer maintained hypotheses; besides, it does not need causal relationship between dependent and independent variables.
As has been mentioned, to make up for the above-mentioned deficiencies, this paper attempts to develop an equilibrium-oriented model that integrates housing supply and demand with time lag and reasonable vacancy areas by recursive methods of dynamic economics. Chengdu City was selected as a sample to test the feasibility of the model by using the city-level data for the period 1999-2010.
Methodology

Model
When it comes to housing market equilibrium, housing supply and housing demand are considered the most important impact factors, followed by housing vacancy and time lag. Unlike previous studies which concentrate mainly on how the housing market is affected by housing supply or demand, this paper worked out a model, based on integrating housing supply and demand with reasonable housing vacancy area and time lag. Reasonable vacancy area is the resultant vacancy in housing market if supply and demand are in balance and the level to which vacancy area will be restored over a long term. It is also a market benchmark beyond which actual vacancy area is considered too high.
The following assumptions were made: (1) housing supply, as an exogenous variable, is determined by previous vacancy areas and demand; housing demand, as an endogenous variable, is determined by previous demand; (2) over the period
, actual housing vacancy area at the beginning is 0 X , reasonable vacancy area after t years is t X and actual vacancy area is t X ; (3) housing supply is t S and demand t D . To achieve housing market equilibrium under the consideration of housing vacancy and time lag, the housing supply should simultaneously satisfy the following two conditions: (i) minimize the gap between housing supply and demand; (ii) minimize the gap between actual housing vacancy and reasonable housing vacancy. Obviously, at the equilibrium point, reasonable vacancy equals actual vacancy. Therefore, the objective function and constraint condition that can balance housing market is made out as follows:
where F(X,S) denotes objective function, and X and S the parameters to be solved, k 1 and k 2 the weight of the imbalance caused by actual housing supply/demand and actual/reasonable vacancy areas respectively, and Δt the time interval.
Equation (1) can be solved by Hamilton function as indicated below:
where t  is marginal reasonable housing vacancy area, which means the change in reasonable housing vacancy that results from supplying an added unit of housing. The following equations can be derived from discrete maximum principle:
3) is to be rearranged to yield:
Differential equations in t X and t λ can be obtained by solving Equation (4) using the recursive approach:
where t  is the characteristic root of the differential equation.
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The following results can be achieved through classical solution: (5) and (6), the optimized housing supply, disregarding time lag in housing supply, can be represented as shown below:
where 
Assuming that the time lag between the start of housing construction and housing sale is 0 t , two types of housing are defined, namely multiple story (greater than seven stories) and high story (no more than seven stories), which were assigned the weights 1 β and 2 β respectively. The time lag of housing supply in the former is 1 t and in the latter 2 t , both of which can be obtained from statistical departments or by field survey. Then,
Considering the time lag of housing supply, the developers should build the houses 0 t years in advance in accordance with the optimized housing supply to meet the demand at 1 t  . Therefore, Equation (7) can be modified taking into consideration the time lag:
where 0 1 t t O   represents the optimized housing supply under consideration of time lag of housing supply 0 t .
Ge He
PANOECONOMICUS, 2013, 4, pp. 557-568 Equation (9) not only takes housing supply and demand into account, but also considers the reasonable vacancy area and the time lag so that the optimized housing supply area can be obtained by solving it. In other words, this model considers almost all important factors that affect housing market equilibrium; therefore, the result is equilibrium-oriented. If local governments plan housing supply in accordance with the equilibrium-oriented result and direct the developers to supply housing as per the plan, the housing market can achieve equilibrium.
Data Collection
As housing market is city-specific, nation-wide studies or studies with a metropolitan perspective may conceal significant spatial features. It is impossible to achieve housing market equilibrium at national level. So, studying housing supply from a city's perspective is much more reasonable, practical and instructive. Chengdu City, which lies at the center of Sichuan basin, is a leading financial center, transport center and aerostatic center in West China, and one of the famous historical and tourist cities in the world.
In recent years, Chengdu registered an economic growth rate that was much higher than the average growth rate of the state or of other cities in West China (see Table 1 ). The rapid economic growth has led to unprecedented boom in the housing market, which led to a rapid increase in housing prices (see Table 2 ). The share of value added to GDP by the housing sector in Chengdu City is greater than that by the entire nation and China's western regions (see Table 3 ). Chengdu City was chosen for this study because by achieving housing supply and demand equilibrium it could successfully slow down the rapidly rising housing prices. As mentioned above, to obtain optimized housing supply by solving Equation (7), data regarding housing demand, housing supply and actual housing vacancy area in Chengdu City for the period 1999-2010 is required in advance. For this study, the required data was sourced from China Statistical Yearbook 2011 and Chengdu Statistical Yearbook 2011 (See Table 4 ). Table 5 shows the descriptive statistics of the data. Table 4 shows that, during the period 1999-2010 in Chengdu City, both housing demand and housing supply increased, and the gap between the two grew wider year after year. For instance, the actual housing demand increased by a factor of 7.99, from 3.17 million m 2 in 1999 to 25.32 million m 2 in 2010, and that of housing supply by 3.46 times, from 3.75 million m 2 to 13.01 million m 2 . That there was a big gap between housing demand and supply is obvious; the former is much greater than the latter. Housing prices in Chengdu City increased dramatically in recent years because of the demand-supply gap. Additionally, the area of housing vacancy increased from 0.86 million m 2 to 1.32 million m 2 over the period 1999-2002, and then it declined from 1.30 million m 2 to 0.55 million m 2 . After 2007, it once again rose from 1.21 million m 2 to 1.62 million m 2 . This reflects the existence of considerable gap between housing supply and demand in Chengdu City over the period covered.
Results
A total of 172 housing projects, which accounted for 80.12% of the housing projects in Chengdu City in 2010, were chosen by random sampling for field survey to obtain the above-mentioned parameters. 
Eviews 6.0 was employed to solve the above-listed equations. For assessing the results, first, the housing demand over the period 2011-2015 was forecasted, based on actual housing demand over the period 1999-2010; second, the optimized housing supply area over the period 2006-2010 was traced back by Equation (12); finally, the absolute gap between actual housing demand and the forecast demand or that between actual housing supply and optimized housing supply was worked out. The results are presented in Table 6 below. 
